Introduction 24
Environmental factors, many of which diet related, are responsible for 70-80% of 25 total cases of colorectal carcinoma (CRC), an important health problem worldwide (1, 26 2). To the two species of Hypericum (family Hypericaceae), Hypericum androsaemum 27 (HA) and Hypericum perforatum (HP), used in this study (spontaneous in the north of 28 Portugal) important medicinal properties have been attributed. H. perforatum (HP), also 29 known as St. John's wort, is the most studied of Hypericum species and it is known for 30 its pharmacological antidepressant activities and its antiviral and antibacterial properties 31 (3) . The anticarcinogenic activity of HP has also been reported in several cancer cell 32 types, although not in CRC cells (4) (5) (6) (7) . Its antitumor effects have been related with one 33 of its main constituents, hypericin (8) (9) (10) , that is, however, residual in the water extract 34 (11). H. androsaemum is less studied but it is the most frequently used in Portugal due 35 to its diuretic, hepatoprotector, cholagogue, and also anti-kidney failure properties, as 36 well as in the relief of digestive tract disorders (12, 13) . Its anticarcinogenic activity has, 37 to our knowledge, never been reported. Recent in vitro studies showed the antioxidant 38 and hepatoprotective activities of HA water extract (14, 15) . The effects of HA have 39 been attributed, at least in part, to the presence of several flavonoids, such as quercetin 40 and its glycosides, and phenolic acids, such as chlorogenic acid (15) . Chlorogenic acid 41 (CA) is distinctively more abundant in HA water extract than in HP water extract. HA 42 water extract does not posses hypericin in its constitution (11). Plants containing a 43 variety of phenolic compounds have been shown to play an important role as dietary 44 antioxidants in cancer prevention (16, 17) . However, evidence is increasing that the 45 anticarcinogenic properties of plant food constituents is not only the result of their 46 antioxidant activity. In fact, many of these constituents have been demonstrated to act 47 Xavier 6 antimycotic solution (Sigma-Aldrich) and 6 % fetal bovine serum (FBS; EU standard,  98 Cambrex, Verviers, Belgium). Cells were seeded onto six (2 ml) and twelve (1 ml) in July 2008 for HA and in July 2009 for HP; then, they were air-dried before being 109 subjected to the water extraction by infusion. Batches of dried plant material are 110 maintained at -20 ºC under the responsibility of CITAB with the accession numbers 111 HA102008 and HP072009, for HA and HP, respectively. The plant infusions were 112 prepared by pouring 150 ml of boiling deionized water onto 2 g of air-dried plant 113 material and allowing it to steep for 5 min. After filtering, the water extracts were 114 lyophilized to dryness and yields in terms of initial crude plant material dry weight of 115 27.0% (w/w) and 16.7% (w/w), for HA and HP, respectively, were obtained. Phenolic 116 compounds were analyzed by HPLC as previously performed (12) and, for HA, a 117 similar composition with a previous report of a water extract was obtained (15 H. androsaemum water extract was more efficient in inhibiting cell growth in 217 both HCT15 and CO115 CRC cell lines than HP. In an attempt to find the compound 218 responsible for these effects, the main phenolic present in this extract, chlorogenic acid 219 (CA), which also distinguishes this extract from HP water extract that has a much lower 220 concentration, was evaluated individually at different concentrations, using MTT assay. The effect of HA on p38 and JNK signalling pathways, two stress-activated 263 protein kinases that are involved in the control of proliferation and induction of 264 apoptosis (27) , were also studied. Our results showed a remarkable induction of 265 phospho-p38 expression at both concentrations tested and of phospho-JNK expression 266
mainly at the higher concentration tested after 48 h in both cell lines ( Figure 5A and 267
5B). 268 269

Effects of HA on cell cycle and death mechanisms 270
Page 49 of 68 Food & Function Xavier 13 As shown in Figure 1B with TUNEL assay, p53-mutated HCT15 cells are more 271 resistant to apoptosis induction by HA than the p53-wild type CO115 cells. 272
Corroborating these results, when cell cycle analysis was performed, the sub-G1 273 fraction of cells (indicative of DNA fragmentation typical of apoptosis) was 274 considerably higher in CO115 as compared with HCT15, when treated with HA ( Figure  275 6A, 6C). 276
In order to verify the role of caspase activation on the apoptotic effect of the HA 277 water extract, caspase-3 and Poly (ADP-ribose) polymerase-1 (PARP-1) expressions by 278 western blot were studied. As shown in Figure 5C , HA increased cleaved caspase-3 and 279
cleaved PARP-1 in CO115 cells. In HCT15, we did not observe cleaved caspase-3 or 280 cleaved PARP-1, although a decrease in total caspase-3 and PARP-1 were detected. A 281 higher expression level of total PARP-1 was observed in HCT15 as compared to 282 CO115. The cleavage of caspase-3 and PARP-1 were also induced by staurosporine, an 283 apoptotic inducer used here as positive control, in both cell lines (data not shown). 284
In order to confirm the role of caspase activation on apoptosis induction by HA, 285 cells were incubated in the presence of the general caspase inhibitor zVAD, and 286 apoptotic cells analysed by the TUNEL assay. As shown in Figure 5D , zVAD was able 287 to prevent apoptosis induction by HA in both cell lines. 288
The ability of HA to inhibit cell cycle was also confirmed by the cell cycle 289 analysis. As shown in Figure 6A Xavier 14 In the present study, the potential anticancer effects of water extracts of the 295 medicinal plants H. androsaemum and H. perforatum, as well as, the main phenolic 296 constituent present in HA extract, chlorogenic acid (CA), were studied in HCT15 and 297 CO115, a KRAS and BRAF mutant human colorectal-derived cell lines. HA efficiently 298 inhibited cell proliferation and induced apoptosis in a concentration-dependent manner 299 in both cell lines. CO115 cells showed to be more sensitive to HA extract (IC50 ~65 300 µg/ml) when compared with HCT15 (IC50 ~85 µg/ml). As far as we know, this is the 301 first report of the anticancer effect of H. androsaemum water extract in CRC, which is 302 popularly used in Portugal to treat problems of the gastrointestinal tract. The extract HP 303 did not show significant effect on cell growth in neither of the cell lines. Previously, we 304
reported that quercetin has antiproliferative effects on these colorectal cancer cells (30) , 305
and since HP water extract is rich in quercetin and related compounds, this result was 306 somewhat surprising. Anticarcinogenic activities have been found for H. perforatum in 307 other cell types (4-7) being related with one of its main constituents, hypericin (8) (9) (10) , 308 which is present in HP water extract (although in very small amounts) but not in the 309 water extract of HA (11, 36). These results suggest that the anticancer effects observed 310 for HA reflect the presence of other compounds in this species. We, therefore, studied 311 the antiproliferative effect of the CA, which is much more abundant in HA than HP. 312
However, when used alone this compound did not have any effect on cell proliferation 313 in neither of the cell lines, which indicates that the HA's effects are not due to its major 314 phenolic compound, CA. Thus, other compounds or a synergism between the 315 compounds present in the water extract of HA may be responsible for the HA effects. 316
The differences in the genetic background of the two cell lines used allowed the 317 study of the relevance of KRAS mutation versus BRAF mutation for HA's effects. In 318 CO115 (that harbour a BRAF mutation and overexpress Akt) a significant decrease of 319
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Food & Function Xavier 15 phospho-Akt expression was observed in a HA concentration-dependent manner. These 320 results show the ability of HA to decrease PI3K/Akt signalling probably by inhibiting 321 PI3K activity, as also shown for some individual flavonoids, such as quercetin (30, 34, 322 37) . HA was also able to decrease MAPK/ERK signalling in CO115, as shown by a 323 significant decrease in the phospho-ERK expression levels. Importantly, HA also 324 decreased BRAF expression in these cells. Since HA did not affect the expression of 325 phospho-ERK or BRAF in HCT15, our results indicate that the HA water extract affects 326 the MAPK pathway at the level of mutant BRAF (Figure 7) , which was confirmed by a 327 decrease in mutant BRAF cell proliferation (CO115) versus no effect on wild-type (wt) 328 BRAF cells (HCT15) at 60 µg/ml. Previous studies have shown that pharmacologic 329 inhibition of RAF is highly effective at inhibiting the growth of BRAF mutant CRC 330 cells (38) . Moreover, recent reports show that RAF inhibitors block MAPK signalling in 331 tumor cells harbouring mutant BRAF but activate this pathway in cells harbouring wt 332 BRAF, emphasizing the importance of inhibiting specifically mutant BRAF to avoid 333 secondary effects (39, 40) . CA, the main phenolic compound present in HA water 334 extract, has, however, no effect on levels of phospho-Akt, phospho-ERK or BRAF in 335 CO115 cells. 336
Regarding the RAS oncogene, no changes on the levels of KRAS were observed 337 by HA. Previously, we showed that quercetin, at around 20µM, inhibits cell 338 proliferation in association with a decrease in KRAS levels (30) . Although the HA 339 extract contains quercetin and glycosides of quercetin, their concentrations are low (less 340 than 5µM), which may explain the lack of effect of HA on KRAS. The HA-induced 341 inhibition of cell proliferation and increased apoptosis in HCT15 KRAS mutated cells 342 seems not to result from effects on MAPK/ERK or PI3K/Akt signalling. 
